Background: The role of bisphosphonates is well established in giant cell tumor of bone (GCTB) of extremities, but its role in spine GCTB is still not established. Our main purpose was to evaluate the role of bisphosphonates in spinal GCTB with the help of radiologic assessment.
INTRODUCTION
Giant cell tumor of bone (GCTB) is more common in the oriental and Eastern Asian population than the white one. It may account for 5% of bone tumors and more than 20% of benign bone tumors. 1, 2 It is quite common in the appendicular skeleton and most commonly found around the knee joint. 3 The sacrum is the third most common site as far as incidence is concerned and incidence in the rest of the mobile spine accounts for only 2% to 4% of cases. 4 The most commonly affected age group is usually 20 to 40 years, and there is slight female predilection. 5 Although by now an ample amount of literature has been published regarding spine GCTBs, many questions about it are still unanswered. Spine GCTBs present with many challenges in management because they are quite adjacent to the neural tissue and present very late. They are commonly diagnosed when they become grade III after the destruction or expansion of the cortices. Complete resection is quite challenging because of difficulty of access, proximity to neural structures, and steep learning curves for the surgeons. 6, 7 Because of these limitations, oftentimes surgeons prefer marginal or intralesional excision, and what is considered the optimum treatment (ie, radical excision) is sidelined.
Many treatment modalities have been described for spine GCTB, like cement injection, phenol ablation, cryotherapy, radiotherapy, and surgical treatment, such as curettage or en bloc resection of the lesion and reconstruction. 7 When surgery is not possible or would be associated with unacceptable toxicity, treatment with systemic therapies, such as bisphosphonate, denosumab, or radiation therapy, may be useful. Hence, needs-based and resultoriented preoperative planning has to be implemented. A treating physician should aim for tumor removal, prevention of recurrence, and preservation of spinal alignment and stability while maintaining the preoperative functioning of the spinal nerves. All these goals of surgery are considered difficult to achieve without violating one or the other, even in the hands of an experienced surgeon.
Recently, many studies have been published stating the role of bisphosphonates in GCTB in extremities. The benefit of systemic treatment with bisphosphonates in both resectable and nonresectable GCTB is quite encouraging. 8, 9 A meta-analysis carried out by Balke et al 9 illustrated that overall recurrence rates of GCTB of appendicular skeleton in patients with resectable disease treated with adjuvant systemic bisphosphonates was 6.7% compared with 48.4% in patients not treated with adjuvant systemic bisphosphonates. However, its role in spinal GCTB has not yet been extensively studied. We present our experience of 13 patients with GCTB of the spine. These patients were managed by surgical and surgical plus postoperative bisphosphonates.
MATERIALS AND METHODS
All patients with giant cell tumor of the spine who underwent surgical excision/resection between July 2005 and January 2014 at the All India Institute of Medical Sciences, New Delhi, were included in the study. All patients underwent exhaustive preoperative workup, such as radiographs, computed tomography (CT) and magnetic resonance imaging (MRI), and biopsy, before surgical excision. Preoperative arterial embolization 24 to 48 hours prior to surgery was routine in all patients. Medical records were analyzed for the demographic attributes of the patients, site of the tumor, clinical symptoms, and symptom duration. Patients were treated depending on the amount of the osseous and extraosseous involvement, and the amount of the tissue required for the complete resection of the tumor tissuereconstructing the defect created while preserving the integrity of all the adjacent tissue. Operative and postoperative details were analyzed for the administration of the oral bisphosphonates. All patients who underwent operation after 2008 were administered 10 mg of oral alendronate daily in the postoperative period for a period of 2 years; these patients formed the study group. Patients who underwent operation before 2008 did not receive bisphosphonates; they formed the control group. Patients were followed up at regular intervals for improvement in visual analog scale (VAS), Oswestry Disability Index (ODI), and neurologic status. Xrays were taken at 3-month intervals for first 6 months and then at 6-month intervals afterward. A CT scan was done after 2 years of surgery. All the radiographs and CT were evaluated by an expert radiologist for increased mineralization, increased cortical thickness of the remaining bone, new bone formation, and increased trabecular density in postoperative radiographs as well as CT scan. All of the above-mentioned radiologic attributes were considered to be the antiresorptive effect of bisphosphonate therapy and were termed as sclerosis. Recurrence of the tumor was evaluated by radiologic screening using X-rays and MRI. On X-rays recurrence will appear as progressive lysis of the parent bone or the bone graft, and on MRI local postoperative high signal within the surgical bed that exhibits a rounded masslike appearance with eccentric growth is highly suggestive of tumor.
Average follow-up period was 39.33 months (minimum follow-up was 18 months and maximum follow-up was 72 months).
RESULTS
A total of 13 cases of spine GCTB were operated on from July 2005 to January 2014 at our institute. In our study 8 patients were female and 5 patients were male, with ages ranging from 13 to 60 years and an average age of 33 years. A total of 6 patients had sacral involvement, 5 patients had lumbar involvement, and 2 patients had thoracic spine lesion. In lumbar spine 1 case was of L2 GCTB, 2 cases were of L4 GCTB, and 2 cases were of the L5 lesion. The thoracic spine was affected in 2 patients with the lesion in T9 and T11 vertebra. Most of the patients in our series were of late grade II or grade III histopathologically, and most them had taken some part of their treatment outside our center. Chief complaints were back pain with duration ranging from 3 to 48 months, whereas 4 patients presented with neurologic deficit. One patient was Asia A and 3 patients were Asia C. Neurology recovered in only 2 patients with Asia C. In 1 patient with Asia C it became Asia E, and in another it progressed to Asia D.
Complications
One patient underwent 7 operative procedures after the initial main surgery and died after 23
Bisphosphonates in Giant Cell Tumor of Spine months. A total of 3 patients required subsequent debridement, including the one who died.
Group 1
Of 13 cases, bisphosphonates (Table 1) were given in 6 patients who underwent operation after 2008; 5 patients were female and 1 patient was male, with ages ranging from 13 to 33 years and an average age of 23.66 years. Of these 6 patients, 3 patients were of sacrum and 1 patient each was of D9, D11, and L5 vertebrae. Mean preoperative VAS score was 6 and postoperative VAS score was 2. Mean preoperative ODI score was 65 and postoperative ODI score at 1-year follow-up was 8. Average follow-up period was 39.33 months. Postoperative sclerosis was present in all 6 patients, as demonstrated in Figures 1 and 2 . In a patient with L5 GCT minimal sclerosis (ie, minimal increased mineralization, cortical thickening, and increase in trabecular density), was visible in postoperative scans (Figure 3 ). There was no recurrence of tumor in this group.
Group 2
A total of 7 patients (Table 2) underwent operation before 2008, and postoperative alendronate was not administrated to them. Of these 7 patients, 3 were female and 4 were male, with an age range of 16 to 55 years and an average age of 34.57 years. A total of 3 patients were of GCTB sacrum, 2 patients were of GCTB L5 vertebra, and 1 patient each was of GCTB L2 and L4 vertebra. Mean preoperative VAS score was 7 and postoperative VAS score was 4. Preoperative ODI score was 63 and postoperative ODI score was 15. Average follow-up period was 36.43 months. There was no sclerosis in this group, and recurrence of tumor occurred in 2 patients.
Comparison between 2 groups can be summarized in Table 3 .
DISCUSSION
Giant cell tumor of bone was first reported by Cooper and Travers 10 in 1818, and it was formally defined by Jaffe et al 11, 12 in 1940. Giant cell tumors constitute about 5% of primary bone tumors and around 20% of all benign bone neoplasms. 13 The most common site of occurrence is epiphysis of long bones. Occurrence in the spine is rare because only 2% to 5% of tumors are found in the vertebrae above the sacrum.
14- 16 The most commonly affected site in the spine is sacrum, followed by the thoracic, cervical, and lumbar vertebral segments in respective decreasing order of frequency. 17 In our series 6 patients had sacral involvement, 5 patients had lumbar involvement, and 2 patients had thoracic spine lesion. A total of 11 of 13 patients in our study were ages 10 to 40 years, 8 patients were female, and 5 were male. Female preponderance and affection in the second to fourth decades of life is usually found in the spinal GCT. 5 Although classified as benign, GCTB shows locally aggressive behavior. [18] [19] [20] [21] The treatment is mainly surgical and consists of intralesional curettage of the tumor followed by bone cement packing or bone grafting of the defect. Depending on the surgical procedure the local recurrence rate significantly varies from approximately 10% to 40%. It is the lowest if high-speed burring of the margins after curettage and bone cement packing is used.
22-26
Treatment for ''typical'' appendicular GCT is well established, but recommendations on treating tumors of rare localizations, such as small bones, pelvis, spine, or sacrum, are still unclear. 27, 28 Tumors of the axial skeleton, especially spine and sacrum, seem to be particularly complicated to treat. This is mainly due to limited surgical accessibility and proximity to spinal cord and nerve roots. Possible treatments range from intralesional resection to en bloc spondylectomy with various adjuncts, such as irradiation or arterial embolization. [29] [30] [31] [32] [33] [34] After reports of the effectiveness of the bisphosphonates in the peripheral GCTB, 35 we started our patients on the postoperative bisphosphonates.
In diseases like skeletal metastasis, Paget disease, osteoporosis, and multiple myeloma, 24, 36 the effectiveness of bisphosphonates has already been established in preventing osteolysis associated with them. Osteolysis occurring as a result of fibrous dysplasia and Langherans cell histiocytosis can also be treated with the help of bisphosphonates. [36] [37] [38] The effectiveness of bisphosphonates in GCTB have been depicted by following 2 studies. In the study by Tse et al 39 1 of 24 patients (4.2%) in the bisphosphonate group developed local recurrence, whereas the control group, which received no bisphosphonates, had a recurrence rate of 30%. Use of intravenous bisphosphonate has also been reported in 1 case report to control the growth of a giant cell tumor of the sacrum. 40 Bisphosphonates inhibit osteoclast-mediated bone resorption by mimicking pyrophosphates. There occurs a change in the physicochemical structure of the hydroxyapatite crystal when bisphosphonates bind to hydroxyapatite. 23, 24 Farnesyl diphosphate synthase, an enzyme in the mevalonate pathway is inhibited by amino bisphosphonates, which further inhibits the formation of osteoclasts from mononuclear phagocyte precursors. This results in decreased osteoclast resorption due to effects on the cytoskeleton, vesicular trafficking, and membrane ruffling, and increased osteoclast apoptosis. [32] [33] [34] Studies have shown that bisphosphonates induce apoptosis of stromal cells and osteoclasts in giant cell tumor of bone. 36, 41, 42 GCTB contains numerous mature, functional osteoclasts which induce extensive osteolysis in the growing phase. Bisphosphonates mediate a decrease in the number of osteoclasts, resulting in decreased resorption carried out by osteoclasts in these tumors. This mechanism of action may be particularly helpful in cases of spine GCTBs because of all the difficulties mentioned earlier in their treatment.
Bisphosphonates are considered to be quite safe, and maximum safe duration to use the bisphosphonates is considered to be up to 5 years. 43 But in most of the studies pertaining to their role as an adjuvant in GCTB, they were used for 2 to 3 years. 8 Protocols of drug administration vary depending upon the type of bisphosphonate used. Zhang et al 35 reported that sodium ibandronate was also equally effective in treating the recurrent giant cell tumor of the spine in 3 cases. Oral alendronate can be given in 70 mg/ wk or 10 mg daily dose. We gave alendronate in a 10 mg daily dose for a period of 2 years to all the patients who underwent operation after 2008 at our institute. In all patients, treatment was correlated with the regular radiologic follow-up. In all the patients we were able to achieve successful disease remission, and this correlated well with sclerosis on the radiologic assessment. All the patients complied well with treatment regimen in postoperative management. There may be increased concern of recurrence, in case of any default while on treatment. However, to the best of our knowledge, it is not mentioned in the literature.
A recurrence rate of 50% has been reported in GCTB of the vertebra above sacrum by Dahlin et al. 44 But other studies report a rate of recurrence around 25% in GCT spine. This implies that GCTB of spine has high rates of recurrence even after adequate treatment. But this generalization cannot be placed on firm footing, because literature provides only small case series of the spine or sacral GCTB with short follow-up periods. 29, 30, 32, 33, 37, 40 Our study had an average follow-up of 37.88 months, with a minimum follow-up of 18 months. In our study, 2 of 13 patients (15.4%) had a recurrence. Both of these patients were from the group that did not receive bisphosphonates postoperatively. This connotes that postoperative bisphosphonates may be helpful in preventing recurrence in spine GCTB, but this was not confirmed statistically because the sample size of the study was small. In postoperative CT scans of all of the patients who received bisphosphonates, increased mineralization, increased cortical thickness of the remaining bone, new bone formation, and increased trabecular density were present.
Recently, there has been interest in a new method of application of bisphosphonates. Zwolak et al, 45 Kazutaka et al, 46 and Nishisho et al 47 have reported the effectiveness of zoledronic acid-loaded hydroxyapatite and bone cement in giant cell tumor and other malignant tumors, such as multiple myeloma and renal cell carcinoma.
Moreover, there is now considerable evidence that in cases of poor surgical candidates and in patients with unresectable or metastatic tumors bisphosphonates can be used as stand-alone therapy. 9, 48, 49 But still, high-speed burring of the margins after curettage and bone cement packing is considered to be the best treatment by most of the surgeons for the appendicular GCTB.
22-26 However, recently denosumab, a RANKL inhibitor, has been approved by the US Food and Drug Administration for adults and skeletally mature adolescents with unresectable GCTB or when surgical resection is likely to result in severe morbidity. 50 Sclerosis in postoperative CT scans of all the patients who received bisphosphonates along with no recurrence of tumor in the bisphosphonate group signifies that bisphosphonates in the postoperative period have a positive effect on the final disease outcome. It also implies that bisphosphonates are good and safe adjuvants that can be used effectively with appropriate surgical modality.
A major limitation of this study is the small number of patients. Because spine GCTs are quite rare, the sample size has been a major problem in all the studies in the literature. But the follow-up period in our study is quite long. Moreover, the protocol for the dosage of the bisphosphonates has also not yet been standardized. We administered the 10 mg daily dose of alendronate, and it seemed to be fairly effective because postoperative sclerosis was visible in all the patients.
CONCLUSION
The complex anatomy of the spine and the difficulty of surgical resection require a better treatment modality that is easy to use, safe, effective, and nontoxic. From our study it can be inferred that spinal GCTBs are slightly more common in females; are most common in the second and third decades of life; and that bisphosphonates are easy to administer, effective, and safe adjuvant therapy, along with appropriate surgical intervention in spinal GCTBs, and they may have a role in decreasing the recurrence of the tumor, although studies with larger sample sizes are required to put this hypothesis on firm footing.
